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Situational awareness - The perception of elements in the
environment within a given time and space, the
comprehension of their meaning, and the projection of their
status in the near future (Endsley, 1995)
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Situational awareness-in infectious
disease surveillance

Important for both early warning and early detection of a disease
outbreak (naturally or intentionally caused)

» Los Alamos

NATIONAL LABORATORY
EST.1943

Global dlstrlbutlon of relatlve rlsk of an emerqing mfectlous disease (EID) event
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Situational awareness ininfectious 7Lo% Alamos

disease surveillance
» Occurs through different means and at different levels (local, global)

g00gle org  Fu trenas

Google org hom: t
Gaoge sg name Explore flu trends around the world
nde i ertain search terms are good indicators of flu activity. Google Flu Trends uses aggregated Google search
Select country/region  § data 0 estimate flu activity Leam more »

Downioad world flu sctivity data

* Tools needed to transform data into information
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Situational awareness-in infectious
. . » Los Alamos
disease surveillance — LANL tools

» A suite of tools being developed to provide actionable information and knowledge
for enhanced situational awareness during an unfolding event

Contains information on disease surveillance resources
worldwide

A tool to rapidly select appropriate epidemiological models for
infectious disease prediction, forecasting and monitoring

An app to provide context and a frame of reference for disease
surveillance information through matching of user input to
library of global historical disease outbreaks




The biosurveillance resource directory 7| o2 Alamos
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» Relational database containing biosurveillance products
and tools available worldwide (>350 records to date)

» Hosted through LANL research library (brd.lanl.gov)

= Based on framework that classifies and characterizes
biosurveillance resources

= Searchable by multiple keywords (data streams,
geographic location, disease, etc.)

= Provides access to resource website

= Does not house data per se, facilitates discovery and
obtaining the right resources and data

= Anticipated users - analysts, public health officers,
decision makers, national and local crisis planners and
responders (military and civilian)

National Nuciear Security Administration
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BRD categories

» Los Alamos

NATIONAL LABORATORY

System Category Examples
Supersystem

_ _ _ GOARN
A system that collects information from multiple data streams and TESSy
other surveillance systems, and analyzes the data that is collected SAGES
to inform the biosurveillance goal

System Biosentinel

_ _ ASPREN
A system that collects information from one or more data streams ProMed
and analyzes the data that is collected to inform the biosurveillance Health Map

goal

Data Source

A system that collects information from one or more data streams
but does not analyze the data collected for a biosurveillance goal

Google News
Gene Expression Omnibus
Crisis Mappers

Tool / Software

Software or application that enables the collection or analysis of
data

Essence
EARS
First Watch

Collective

A group of individuals or organizations with the shared objective of
contributing to data collection and analysis to inform a
biosurveillance goal

Mekong Basin Disease Surveillance
Wildlife Data Integration Network
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Data stream categories used in active
cataloged surveillance systems
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Laboratory Records
Official Reports
Clinic/Health Care Provider
Personal Communication
ED/Hospital

Established Databases
News Aggregators

Help Lines

Social Media

Sales

Ambulance/EMT

Internet Search Queries
Employment/School
Prediction Markets
Police/Fire Dept

Financial Records

0 20 40 60 80 100 12000
Number of Records e
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Access provided by, LANL Research Library | LANL Home Page | Help | Contact Us

biosurveillance resource directory

Basic Search | Fieldedj Search |

Select field to search and enter search terms:

Disease v cholera AND ~

Resource  + system AND »
- AllFields - = Add Search Box

Phrase search (enclose in quotation marks): “infectious diseases
Word search: infectious diseases

[-] Tools Mare search fips
DIOMSE Resourtes Go fielded search and
[ About Limit results: browse function
Help
What's new I New records only
Contact us
Year First In Service:
TO €., 2002 TO 2007
Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA L. :
Qutside | Copyright 2013-14 Los Alamaos National Security, LLC All rights reserved | Privacy IL ResearCh lerary
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Search Filters

disease:(cholera) AND resource:(system
( (cholera) (system)) Gol

Results for: (disease:(cholera) AND resource:(system))

[] Category 8 records sorted by relevance | year Results per page |25 v
System (7) marl-li ar Cl?jartall an pgge || Page 1 of 1 ||
Collective {1} ark records 1o expo

=

] Sthius
Active (7)

Inactive (1) Resource Website 1. Cholera and Other Vibrio lliness Surveillance System
. Centers for Disease Control and Prevention

[] Datastream Reports VWebsite 1088
Official Records (5)

Laboratory Records (4) 2. Electronic Foodborne Outbreak Reporting System
ED/Hospital Records (3) Centers for Disease Control and Prevention
Clinic/Health Care Providers (2) 1008

Employment/School Records (2)
Established Databases (1)

Personal Communication (1) Resource Website 3. National Outbreak Reporting System o
Sales (1) q Webe Environmental Protection Agency . Council of State and Territorial Epidemiologists :
eports Website Centers for Disease Control and Prevention
[] Accessibility 2009
Limited (8)
Resource Website 4. State Electronic Notifiable Disease Surveillance System
] Primary Sponsor Reports Website ?gﬁégia Department of Public Health
[] Disease Category _ B _
Diseases of Organizational Importante  Resource Website 3. Quarantine Activity Reporting System
(5) . Centers for Disease Confrol and Prevention
Reparts VWebsite 2005

Transmission (3)
Population (4)
Syndrome (4)

Resource Website 6. Syndrome Tracking and Encounter Management System

Environment (2) New Hampshire Department of Health and Human Services
Diseases of Emerging Importance (1)) 20UL
Vector (1)
] , : Resource Website 7. Wisconsin Electronic Disease Surveillance System
[1Population Domain Wisconsin Department of Health Services
Human (4) S0uL

National Nuciear Security Administrs
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Cholera and Other Vibrio lliness Surveillance System

Acronym: COVIS

Category: System

Status: Active

Scope: The COVIS system is a national database of reported human illnesses
caused by all Vibrio species. COVIS was initiated by CDC, FDA, and the Gulf Coast
states (Alabama, Florida. Louisiana. Mississippi. and Texas) in 1988 CDC has
maintained a database of Vibrio infections from humans in order to obtain reliable

Resource Website
Heports Website

; information on illnesses associated with Vibrio species.
Hyperllnks to Sponsor(s): Centers for Disease Control and Prevention (CDC)
resource Websites, Primary Sponsor Type: Government
Population Domain: Human
contacts and Disease Category: Transmission ; Syndrome | Transmission | Diseases of
: Organizational Importance
associated Disease (Human): Cholera ; Vibrio, non cholera
Geographical Domain: United States
documents Geocoverage (States): All States and Territories

Contact: CDC ; Atlanta . Georgia ;| United States DfArneriJ;?: 30329-4018
404 7186 4560 | bwk@@ode gov . Contact: | Ezra Barzilay . MEDICAL
ERFIDEMIOLOGIST ; Contact Website - www_cdc_gowv

Contact: CDC ; Atlanta . Georgia ;| United States of America | 30329-4018
404 639 2839 | vz@@ode gov . Contact: | Anna Newton | GUEST
RESEARCHER/AREF . Contact Website - www_cdc gov

System Domain: Human

Date First in Service: 1988

Update Frequency: Yearly

Accessibility: Limited

Datastream

data streams i

Category Sub Category | | Population | | Type Collection Motes

method

used by >
resource Laboratory Laboratory Human Diagnostic | | Email

Fecords Fesulis

Official Government Human Syndromic | | Email

Fecords o

Database: BRD

National Nuciear Security Administr
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Motivation for BARD development

Epidemiological models have utility in disease surveillance, however,
choice of an appropriate model is difficult without information about;

Scope of their use (e.g. operational status of such models, their
purpose, input data needs, time to results, etc.)

Features - the diversity of model types and the manner in which they
are described (risk mapping, disease dynamics, statistical, anomaly
detection, network, etc.)
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The biosurveillance analytics resource Loz Alamos

directory
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Prototype - 75 models covering Malaria, Cholera, Influenza,
Foot and Mouth disease, Dengue

Provides specific information about an operational model that
has been systematically categorized and highlighted

Allows “apples to apples” comparison of multiple models if
available for a single disease

Provides links to specific models and updated and accurate
contact information for a model facilitating its immediate use

Is a model characterization tool - The framework could be
applicable to any new models that may be included in the future
and common characteristics and attributes of models would be
cataloged

LA LXS

nal Nuclear Security Administration

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA | UNCLASSIFIED-LA-UR-13-26498| 13



Framework for Reconstructing Epidemiological Dynamics

“Los Alamos

‘ (elEN U EEY  Disease | Location | Conceptual Model | Tools | Inputs / OQutputs Data Utility Docs MNotas Framework

- T

ID| moDoo4o Disease [Flu ] _ _ .
Biosurveillance Goal

MName [

Framework for Reconstructing Epidemiological Dynamics ]

Acromym o crostencms| 201 |

Overview | FRED (Framework for Reconstructing Epidemioclogical Dynamics)
is an open source modeling system developed by the University of
Fittsburgh FPublic Health Dynamics Laboratory. The system uses
agent-based modeling based on census-based synthatic
populations that capture the demographic and gecgraphic [ ] Baseline Awareness
distributions of the population, as well as detailed household,
school, and workplace social networks. FRED supports research J
on the dynamics of infectious disease epidemics and the

Early Warning of Early Detection of
Health Threats Health Events

Question Model Utili
Purpose | Foocring | Eogen | ) v
M':id'l Can be configured to multiple types of gquestions: supports
Question| o oorch on the dynamics of infectious disease, epidemics, and the
imtorantina offocrtc Af Sadbsnatinn ctratonioc sriral csesbhoti;orm andd
Sl:npe[ Platform ] ’
Main Conceptual Based on -
Model Type Model Resource ]
=
[ Disease Dynamics ] [ ] E
[ University of Pittsburgh ]
Primary Organization - - -
Contacts [ University of Pittsburgh ]
Select [ John Grefenstetie ] e Readiness [ Configurable Generic Framework ]
Contact -
| gref@pitt.edu ] FRED is available through open source in the hopes of making large-scale
Go to MNew | agent-based epidemic models more useful to the policy-making community,
Contact || Contact || 412-648-9920 ] = the research community, and as a teaching tool for students in public health.
Sponsoring Agency(s) Primary Dlvulnp-r[ Academic ]

daeet (MiH ][ Masional institutes of Hasith = hApSTass pittedu/indexpnp? .. .. .. || OpeninBrowser |
Hole MNotes
Go to MNew [ ][ Open in Browser ]
Agency | | Agency Funding | Through MIDAS A
support * ||y

Date Record Created: 8122013 Date Record Modified:10/29/2013
9:50:32 AM 32325 PM Homea Page -

LA-UR-13-26377
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The duration of time within which information obtained can be used forrearl ,
warnlng or early detection of a disease outbreak
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The surveillance window app 108 AlSos
» Cross platform app based on the surveillance window
concept

« Contextualizes incoming information during an infectious
disease outbreak, supports decision making

* Places a frame of reference for where a case count is
during an outbreak

» Determines whether the unfolding events are still within a
surveillance window, and therefore feasible to control

« Suggests additional information sources that could
support effective consequence management of an
outbreak

* Increases the granularity of situational awareness

National Nuciear Security Administration
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The surveillance window app - SWAP /5

Surveillance Window App

Select a disease.

Terminology

Data Streams About

|

» Los Alamos

NATIONAL LABORATORY

Surveillance Window App

Location

Animal
identifier

Number of
infected

premises

Case count
interval

Gattle density

Swine density

Date of first
case report

Date of last
case report

Foot And Mouth Disease

Clear

Terminology

Search

Data Streams About

-

/

No location selected.

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,



Surveillance Window App ~ Terminology ~ Data Streams ~ About
Disease Cholera v . 96% | Angola - 2006
96% | Cholera in Angola (2006)
Location Map 12 60k 73% | South Africa - 2000
68% | Democratic Republic of the
Disease Non-endemic v 10k S0k ‘| P
Congo - 2011
status
8k 40k O
. . 3 68% | Republic of Congo - 2006
Population 10,000,000+ (Country) v £
J =T}
at risk = Bk 30k 2
- g 65% | Laos - 2007
o =1}
Cases | 232 t 20 total v * 206 B
64% | Cameroon - 2011
First 2014-04-22 2k IIIII 10k 62% | Zambia - 2003
case l
LT
report 0k 0k 61% | Nigeria - 2010
Mar '06 Apr'06 May '06 Jun'06 Jul'oe Aug 0B
Last case 2014-03-06 g in_
report Surveillance window [ Weekly cases -+ Cumulative cases @ Point estimate 99% | India - 2007
Highcharts.com
o i _
Sortby | Bestmatch . (Outoreak factors o7 | Niger - 2012
« The outbreak affected the entire country §7% | Cameroon - 2010
—_— + Many cases occurred in Luanda, where the population was concentrated in the capital
+ The area was without sufficient quantities of water, proper drainage and rubbish collection 54% | Zambia - 2008
« This was the first outbreak in Angola in 9 years

T T : SWAP output -
User input SWAP output — display of closest Similarity scores for

me_ltchlng historical outl?reak with outbreaks in SWAP
point estimate for user input library .
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(Eeferences )
= Global Task Force on Cholera Control. (2013). Cholera Country Profile: Angola. World Health Los Alamos
Organization. Retrieved June 27, 2013 [LIMNK] NATIONAL LABORATORY
Inside surveillance window Outside surveillance window
Laboratory records News aggregators
ED/Hospital records Offical reports
Clinic/health care provider records Social media
Factor Score Weight Weighted score
Case count 100 0.300 30
Time 100 0.300 230
Population at risk 805 0.200 16.1
Disease status 100 0.130 13
Location 100 0.070 [
Total 96.1

National Nuciear Security Administrs
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LANL decision support tools - the
» Los Alamos
C h a.I | en g eS NATIONAELSTI..:ZORATORY

« Sustainability of tools and resources
« Updated and expanded content — automated data mining tools
« Curated content — interactive content management, engaging all

stakeholders
« Maintaining utility - outreach and tool refinement

Established
Relationships

BRD//

Biosurveillance
Resource Directory

+ Los Alamos

a2 The Johns Hoplans Uinessiy
LI \W/ APPLIED PIIYSICS LABORATORY

Defense Threat B}
Reduction Agenc acific
gency Northwest
NATIONAL
LABORATORY
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i LANL BSV Gatewa

resources available

» Matching resources to
need

« Identifying gaps in
resources

« Developing support
tools

(s ﬁEAlamos

; NATIONAL LABORATORY
" —— ES5T.1943

« Building
collaborations

« Fostering innovation

ENHANCING SITUATIONAL AWARENESS FOR INFECTIOUS DISEASE SURVEILLANCE

INDOY
%)

surveillance Window App (SWAP) Biosurveillance Resource Directory (BRD)

Biosurveillance Analytics Resource Directory (BARD)

An app to provide context and a frame of reference A tool to validate/confirm disease surveillance A tool to rapidly select appropriate epidemiological
for disease surveillance information. information. models.

» Decision support tools will be offered through LANL'’s Biosurveillance
(BSV) gateway (bsv.lanl.gov) coming soon

Operated by Los Alamos National Security, LLC for the U.S. Department of Energy's NNSA | UNCLASSIFIED-LA-UR-13-26498| 21



Los Alamos National Laboratory @ [i]
Biosurveillance

Signatures for biosecurity and public health

Knowing the resources available
Matching resources to need
Identifying gaps in resources
Developing support tools

Building collaborations

Fostering innovation

Timeline

Surveillance Window App (SWAP) An Biosurveillance Resource Directory Biosurveillance Analytics Resource
app to provide context and a frame of (BRD) A tool to validate/confirm Directory (BARD) A tool to rapidly
reference for disease surveillance disease surveillance information. select appropriate epidemiological

information. models.

A

® LOS A|amOS NA 08 Copyright 2014 - Los Alamos National Laboratory Biosurveillance About | Tools | Research | News | Outreach
NATIONAL LABORATORY

Yot o4 National Nucloar Socurity Administration

National Nuclear Security Administration
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Take home message * Los Alamos

EST.1943

LANL is developing new decision support
tools for infectious disease surveillance -
focus on information analysis and
Integration

Tools will be accessible to global disease
surveillance community through the LANL
BSV gateway

Increased technology doesn't
increase situational awareness.

www.chaimcartoons.com
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LANL team s Los Alamos

NATIONAL LABORATORY

EST.1943

Mr. Esteban Abeyta
Ms. Lauren Castro

Ms. Ashlynn Daughton
Mr. Eric Generous

Mr. Geoffrey Fairchild
Dr. Kristen Margevicius
Dr. Reid Priedhorsky

Dr. Kirsten Taylor-
McCabe

Dr. Alina Deshpande
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Thank youl!

“Be the best you can be

every day, for cholera

beckons always.”
-James Madison

tional Nuclear Security Administration
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Extra Slides

National Nuciear S
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Process: The process of gathering, integrating, interpreting, and communicating

Knowledge: Essential information related to all-hazards threats or disease activity
affecting human, animal, or plant health

Ce Purpose: To achieve early detection and warning, contribute to overall
e situational awareness of the health aspects of an incident, and to
enable better decision making at all levels
National Strategy for Biosurveillance, 2012

Early Warning of Early Detection of Situational Consequence
Health Threats Health Events Awareness Management
7)) Surveillance that enables the Surveillance that enables Surveillance that monitors the Surveillance that assesses
iy identification of potential identification of disease outbreaks location, magnitude and spread impacts and informs response to
< threats, including emerging and (either natural or intentional in origin), of an outbreak or event once it an outbreak or an event
(@) re-emerging diseases, that may or events that have occurred, before has occurred
(C) be undefined or unexpected they become significant

Time
Baseline Awareness
Information that can inform and facilitate the achievement of the above surveillance goals and can be related to population demographics and
health, the natural, social, and built environment and underlying disease patterns and characteristics

Infectious Disease(s) |. Ambulance / EMT Records Algorithms
of Interest Clinic/Health Care Provider Collection Method
R
E ef:ords Data Accuracy
(o) @ || Human Animal Plant [ 0 ED/Hospital Records Data Processing Before
2 x & Pathogen Pest 5] Employment/School Records | Analysis
E == 8 Established Databases < Data Quality
Z c : - e : ; — =
< o0 Diagnostic - AR EETE a Data Reporting
[+ 4 O ™ || Data that leads to identification g Help Lines .
18 =35 of a pathogen, or confirmed o Int ts h . = Data Security
b3 E Q diagnosis of disease = nternet Search Queries ﬁ Data Structure
< e § - < Laboratory Records [ o
W = Syndromic o = Data Transmission
(24 0 g Health-related data that may = News Aggregators E G tial Ch teristi
= IE © || precede or substitute for formal 2 Official Reports ﬁ eospatia aracteristics
o : ;
: g 1] diagnosis l:'. Police/Fire Department Records g Metadata Collected
= - Environmental a Personal Communication Population
< Non-health related data Prediction Markets Characteristics
8 g Stakeholders
/ Sales
[ t
SAVIFORME Social Media




Purpose

Monitoring
Prediction

Detaction

Forecasting

Assessment

at a given time or location

Capability to discern the occurrence of a disease outhreak

The probability determination of the axtant, duration, andfor
magnitude of 3 disease outbraak

Evaluation or estimation of consequences, scenario appraisal

Capability to assess the current disease situation
The probability determination that a disease outbreak will occur

Figure 1.

Model Objective

Model Scope

Early Warming of
Health Threats

Early Detection of

Health Events

Situational
Awarenass

Consequence Management

>Time

Baseline Awareness

Risk Mapping
Risk factor analysis displayed spatially or
spatio-temporally

Disease Dynamics
Progress and/or behavior of disease within & host or population

Disease Transmission Model [ States /Compartments)

Anomaly Detection
Meﬁ:zﬁgtﬂl alds: ;r’ndr'ng patterns in

nﬁ!ﬁufﬂr ==

Equation-Based

Simulation

Metwork Structure

Auxillary Models: Econamic, Financial, Risk Analysis, CBA, Airborne transmission, ..

Model Tools : Computational, Machine learning, Regression, Statistical .
Tool Purpose: Model Fit, Model Validation, Parameter Estimation, Time series Analysis, Threshold Detection .

Model Inputs

Host Population, Disease, Vector/Reservoir
Environment [natural, sodal, built), Control Efforts

Model Cutputs

=]
oS
=5

Data

Data sources reguired
Ayzilability of data sets
Data is spatially referenced
Accuracy and completensss of data
Crocumentation

Meodel verification
Model validated for purpese buikt
Sensitivity analysis of parameters
Uncertainty [input, autpurt)
Comparison with other models

Validation

Comparisen with real system
Model independently tested
Crocumentation

Verification

Model and developer team accessibility
Funding support
Model used for decision support
Extensibility, model adapration time
Source code [ software availability
Hardware platform, 05
Computational time

Cost to implement, documentation

Operations

Los Alamos Mational Laboratory - LA-UR-13-26458



Situational awareness in-infectious disease ~
» Los Alamos

Survelllance — pandemlc pOtentlaI NATIONAL LABORATORY

EST.1943

Because a virus doesn't care about state lines or national borders, Weight
it can wipe out millions and span multiple continents rapidly. Here Chlls Loss Red Eyes Diarrhea
is a look at the infectious diseases the world has battled
fifedanoutiy Stony: Fever Headache Fatgue @ Bleeding Dehydration
. . . . What is a Pandemic? EE
D eadllest Pandemlc S 111 HlStOI'y Derived from the Greek word pandemos meaning “pertaining to /
all people,” a pandemic is a widespread disease that affects PANDEMIC | DEATH L ‘ - Sore Thvoat
humans over a wide geographic area.
Cough 0 Vomiting Seizures.
Abubo is an abnormal
swelling of the lymph nodes.
PLAGUE of s Sin
JUSTINIAN 'S Discoloration Lesions
541- 750
Rash Nausea

MEASLES

7th Century BC - 1963

Honorahle Mentions

¢

D
Although the following viruses do not

B _ (©) < 2
06&9). L/ s PAN I SH have a figure for total amount of lives

N
3 laimed, th inue to t
200 million e FLU S

O%:<e e

300+ million

MALARIA 1600 - Today

Common Symptoms

Chills, Headache, Fever, Jaundice, Muscle Pain,
Nausea, Vomiting. Seizures

Death Toll

According to the World Health Organization's 2010
“World Malaria Report.” an estimated 781.000
people are killed by the virus every year.

TUBERCULOSIS 700 BC - Today

Common Symptoms

Chest Pain, Cough. Fever, Chills, Fatigue

Death Toll

There are aimost 2 million tuberculosis-related
deaths worldwide every year.

YELLOW FEVER 16th Century - Today
Common Symptoms

Ring Around the Rosie,
a Pocket Full of Plague
Legend says the Black Death plague inspired the children’s rhyme

“Ring Around The Rosy." which aliuded to the rash-like rings and
ashes of the deceased victims.

Bleeding. Fever, Nausea, Vomiting. Delirium,
Seizures, Jaundice

Death Toll

Worldwide, 30,000 deaths are caused by the
infection every year.

2 4 miin
NGy B e

Sources: Mayo Clinic // Centers for Disease Control and Prevention // World Health Organization // New York Times // National Center for Biotechnology Information A COLLABORATION BETWEEN GOOD AND COLUMN FIVE

National Nuclear Security Administration
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The surveillance window concept ~
» Los Alamos

Influenza: La Gloria, Mexico, 2009 Data available vs utilized """ -2 orATor
60 = Data Available
Data Utilized
" S Pre-Rapid Rise Surveillance Window
S 404
=
& 304
O
&
S 204
=
10
0"F — ——

15-Feb 22-Feb O1-Mar 08-Mar 15-Mar 22-Mar 29-Mar O05-Apr 12-Apr

Clinic/Health Provider Records(Phys)

ED/Hospital Records

Employment/School Records
Personal Communication

Official Records (Gov)

. ) ) News Aggregators
Clinic/Health Provider Records — Veterinary

Official Records (Corporate) Laboratory Records

Financial Records . .
Social media

Not Available: Internet Search Queries, Sales, Help Lines, Ambulance Records, Prediction Markets
Established Databases, Police Records/Fire Department Records
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